Endometrial cancer (EC) is the most common female genital malignancy in the USA. Most carcinomas arising from the uterus are estrogen dependent and are associated with obesity and hypertension. They are designated type I ECs and typically, due to their early diagnosis secondary to postmenopausal bleeding, have a good prognosis. By contrast, type II ECs develop in older patients, are not hormone dependent and are responsible for most recurrences and deaths from EC. Uterine serous cancer constitutes up to 10% of all endometrial tumors, and represents the most biologically aggressive variant of type II EC. This article will describe the most salient molecular markers that have been identified in uterine serous cancer, thus far with emphasis on the use of erbB2 (HER2/neu) as the first of a series of therapeutic markers for the treatment of this highlyaggressive subset of ECs.
Histopathology of USC
The endometrial epithelium in USC is composed of stratified tumor cells with a complex growth of short, blunt, stromaless cellular papilla or cellular buds. The proliferating cells show significant cytomegaly and pleomorphism. What distinguishes a serous carcinoma from other types of ECs is uniformly marked cytologic atypia (grade 3 nuclei). The nuclei vary in size by five-to ten-fold, and the nuclear-tocytoplasmic ratio is drastically increased. The chromatin is markedly hyperchromatic and coarse. USC can be of either pure or mixed histologic forms. The mixed forms are associated with either endometrioid carcinomas or clear cell elements [19] . A Yale University (CT, USA) study revealed that there was no difference in survival for stage I patients in whom the USC made up 10-50% of the tumor and those where USC made up >50% of the tumor [12] . Immunohistochemically, the tumor cells of USC are strongly and diffusely positive for p53, p16 and mib-1. Estrogen receptor and progesterone receptor are usually negative or weakly patchy-positive [20] . WT-1 nuclear staining can be seen in a subset of the tumor and is not a reliable marker for distinguishing from an ovarian primary serous carcinoma [20] .
Molecular pathology of USC
Moreno-Bueno et al. [21] and Risinger et al. [22] have used DNA microarrays in an attempt to define the genetic fingerprint of EC. Most of the preferentially expressed genes in Type I EC included those genes that were under cyclic hormonal regulation and those essential for endometrial homeostasis (i.e., MGB2, LTF, END1 and MMP11). On the other hand, genes expressed in type II tumors were those involved in mitotic spindle regulation and associated with aneuploid and aggressive behavior (i.e., STK15, BUB1 and CCNB2) [21] . Santin et al. used oligonucleotide micro-arrays that interrogate the expression of some 10,000 known genes to profile ten primary USC cultures and five normal endometrium cultures [23] . Analysis of mRNA fingerprints identified 139 genes that exhibited a fivefold upregulation, and 390 genes that were downregulated by a similar magnitude in USC cell lines compared with endometrial cells. Upregulated genes in USC included oncogenes and genes that encoded for adhesion molecules and secreted proteins [23] . The most salient molecular markers, as well as molecular objects for targeted therapy, will be discussed below. In additional genomic studies comparing the gene-expression profiling of high-grade ovarian serous papillary cancer (OSPC) and USC (i.e., two histologically similar malignancies characterized by markedly different response to chemotherapy), hierarchical cluster analysis of gene expression identified 116 genes that exhibited >twofold differences (p < 0.05) and that readily distinguished OSPC from USC [24] . PAI-2 was the most highly overexpressed gene in OSPC when compared to USC, while c-erbB2 was the most strikingly overexpressed gene in USC when compared to OSPC. In this study, overexpression of the cerbB2 gene and its expression product (i.e., HER2/neu receptor) was validated by quantitative real-time PCR (RT-PCR), as well as by flow cytometry, on primary USC and OSPC, respectively. Immunohistochemical staining of serous tumor samples from which primary OSPC and USC cultures were derived, as well as from an independent set of 20 clinical tissue samples (i.e., ten OSPC and ten USC) further confirmed HER2/neu as a novel molecular diagnostic and therapeutic marker for USC. In addition, this gene-expression profiling study demonstrated for the first time the potential to predict the anatomical site of tumor origin, and readily identified the biologically more aggressive USC from OSPC. More importantly, as emphasized below, this report further supported the hypothesis that a therapeutic strategy targeting HER2/neu may be beneficial in patients harboring chemotherapy-resistant USC [18, 24] .
Molecular markers in USC CDKN2A
CDKN2A was found to be the most highly differentially expressed gene in USC with over 101-fold upregulation relative to normal endometrial cells [23] . This is a putative oncosuppressor gene encoding p16, which regulates pRb-G1 arrest, and p14ARF, which blocks MDM2-induced p53 degradation, resulting in an increase in p53 levels and consequent cell cycle arrest [23] . These results suggest that in most USC the marked overexpression of the CDKN2A gene may be attributable to a consistent genetic anomaly secondary to an autoregulatory feedback loop, owing to disruption of both the p16-CDK4/ cyclin D1-pRb pathway and the p14ARF-MDM2-p53 pathway.
p53
p53 is a tumor suppressor gene that plays an important role in DNA repair [25] . Mutations in p53 are the most common gene mutations associated with USC and have been reported in 90% of USC specimens [26] . Overexpression of p53 correlates with a mutation of the p53 gene [23] [24] [25] . p53 gene mutation is known to enhance the aggressiveness of the disease in USC by modulating pathways of proliferation and apoptosis [27] . In one study, 7% of high grade endometrioid adenocarcinomas overexpressed p53 and this was found to independently correlate with poor prognosis in this subset [26] .
CA125
CA125 is an immunohistochemical marker that correlates well with disease stage, response to therapy and disease recurrence [28] . The potential for monitoring CA125 level's response to therapy and/or early detection of disease recurrence needs further validation in prospective randomized studies. Nevertheless, CA125 remains the most common serum tumor marker used in managing patients with USC [5] .
Serum amyloid A
Our research group at Yale has recently investigated the expression of serum amyloid A (SAA), an acute-phase reactant known to have a major role as a modulator of inflammation and in the metabolism and transport of cholesterol in USC patients, and evaluated its potential as a serum biomarker [29] . Serum SAA concentration was evaluated in 30 USC patients, 42 patients with benign uterine disease and 51 healthy volunteers. In addition, we evaluated the intracellular levels of SAA in cell cultures, as well as the active secretion of SAA in culture media. In addition to finding significantly higher levels of SAA both intracellularly, and in culture media, SAA concentrations were found to be significantly higher in the serum of USC patients compared with patients with benign uterine disease, as well as healthy volunteers. These studies demonstrated, for the first time, that SAA is not secreted exclusively by the liver, but also by USC. SAA may, hence, represent a new biomarker that may be used in preoperative staging and in monitoring response to therapy and disease recurrence [29] .
erbB2
The c-erbB2 gene encodes for erbB2 (HER2/neu), a member of the erbB receptor tyrosine kinase family. This is a family of four transmembrane glycoproteins (erbB1, erbB2, erbB3 and erbB4) that are expressed on epithelial, mesenchymal and neuronal cells. Ligand binding results in dimerization of the receptor either with a twin receptor (homodimerization) or with one of its siblings (heterodimerization) [30] . This leads to phosphorylation of intracellular tyrosine kinase residues that serve as docking sites for various effectors and transcription factors that ultimately modulate various biological responses, such as proliferation, survival, migration and differentiation. It is noteworthy that the erbB2 heterodimer is characterized by a stronger, and more diverse, signaling potential than other erbB dimers [30] . Importantly, erbB2 overexpression has been previously reported to be associated with cancer cell proliferation, poor survival and resistance to therapy in multiple human tumors [18, [31] [32] [33] [34] .
The frequency of erbB2 overexpression in USC is approximately 20% in Caucasians and 50% in African-Americans [18, [35] [36] [37] . In an early study by Santin et al. the authors tested ten fresh paraffin-embedded USC specimens by immunohistochemistry (IHC) and found that eight out of ten (80%) specimens stained heavily (2+, 3+) for erbB2 [35] . Flow cytometry was used to confirm these findings in three primary USC cell lines, and found that USC expresses significantly more erbB2 receptor (tenfold greater, on average) compared with erbB2-positive primary or established, breast and ovarian cancer cell lines (p < 0.001). The authors also demonstrated that cell cultures that overexpressed erbB2 were highly sensitive to trastuzumab-mediated antibody-dependent cellular cytotoxity (ADCC) in vitro [35] . erbB2 overexpression in USC was thereafter reported in several studies. The reported frequency ranged from 18-80%, and overwhelmingly, erbB2 overexpression was associated with a poorer prognosis [18, [36] [37] [38] [39] [40] [41] . A higher frequency in African-Americans (67%) compared with Caucasians (33%) was confirmed by FISH analysis [36] . AfricanAmericans were found to have a significantly higher erbB2 gene mean copy number and a worse overall survival compared to Caucasians who overexpress erbB2 [36] . erbB2 receptor over-expression was correlated with c-erbB2 gene amplification [38, 41] . The concordance between gene amplification by FISH compared with heavy (3+) and moderate (2+) staining intensity by IHC was 100 and 29%, respectively [38] . A moderate (2+) staining intensity by IHC must therefore be confirmed by FISH if targeted therapy is contemplated [38] .
Trastuzumab
Twenty five to 30% of breast cancers overexpress the erbB2 receptor. Trastuzumab (Herceptin ® , Hoffman La-Roche, Basel, Switzerland), a humanized monoclonal antibody of the IgG1 family, is approved by the US FDA for treatment of breast cancer. In combination with chemotherapy, trastuzumab reduces the risk of death by 20 and 33% in metastatic and primary breast cancer, respectively [42] . Whereas trastuzumab is alleged to inhibit downstream signal transduction, ultimately modulating proliferation and apoptosis, its principal mechanism of action is believed to be through recruiting host immune cells (natural killer cells), and setting off an ADCC process [43] [44] [45] .
In vitro studies of trastuzumab in USC
Our group has evaluated the sensitivity of highly aggressive chemoresistant USC primary cell lines to trastuzumab in vitro [35] . Upon challenging USC tumor cells that highly express erbB2 with autologous, as well as heterologous, effector cells (natural killer cells) in the presence of trastuzumab, in a standard 5-h chromium release assay, it was found that trastuzumab was able to mediate significant ADCC in those tumor cells (range of killing: 25-60%). Notably, no cytotoxic effect was recorded when tumor cells were incubated with effector cells in the absence of trastuzumab, or in the presence of rituximab, a control antibody. We also demonstrated a significant increase in ADCC after exposure of effector cells from healthy donors to low levels of IL-2, suggesting that nontoxic doses of this cytokine may potentiate the effects of trastuzumab in vivo. Importantly, the addition of physiological concentrations of human serum IgG did not inhibit trastuzumab-mediated ADCC against USC. Finally, trastuzumab also inhibited the proliferation of USC cell lines, which overexpress erbB2, in culture. The percentage of proliferation inhibition ranged from 30 to 62% when compared with control or to rituximab.
Pertuzumab (Omnitarg ® , Hoffman La-Roche) the first of a new class of agents designated HER dimerization inhibitors, is a humanized IgG1 monoclonal antibody that sterically binds domain II of the erbB2 receptor preventing heterodimerization and signal transduction. Whereas trastuzumab is alleged to inhibit downstream signal transduction, ultimately modulating proliferation and apoptosis, its principal mechanism of action is believed to be through recruiting host immune cells (natural killer cells), and setting off an ADCC process [37, 42] . This is dependent on receptor overexpression. Pertuzumab, on the other hand, is believed to inhibit a wider array of downstream signal transduction pathways through inhibition of lateral signal transduction (i.e., heterodimerization). This was studied on several solid tumors in vitro, as well as in xenografts [46] [47] [48] . Our group evaluated the pertuzumab activity individually and in combination with trastuzumab against primary USC cell lines expressing different levels of erbB2 [37] . The two antibodies were similarly effective in inducing strong ADCC (killing range: from 44.7 to 67.3%) in USC cells expressing high levels of erbB2. Trastuzumab was more potent than pertuzumab in inducing ADCC in low erbB2 expressors. More importantly, however, the combination of the two antibodies significantly increased trastuzumab-induced ADCC (p = 0.02). Pertuzumab induced a significant inhibition of proliferation in all USC cell lines irrespective of their erbB2 expression. This synergistic effect, also witnessed in other studies, is believed to be due to the different, but complementary, mechanisms of action of the two antibodies [37, 49, 50] .
In vivo studies of trastuzumab in USC
A Phase II study of single-agent trastuzumab in advanced/recurrent EC patients of any histology has recently been reported from the GOG [51] . This study was not able to demonstrate single-agent activity of trastuzumab against endometrial carcinoma patients harboring tumors with erbB2 overexpression. Such results, however, have recently been challenged owing to the many shortcomings in the design of the GOG 181b study [52] . Moreover, evidence of trastuzumab-clinical activity in a handful of heavily pretreated endometrial carcinoma patients has been recently reported as case reports in the medical literature [53] [54] [55] . Consistent with this view, we reported on two EC patients treated with trastuzumab. The first case had a stage IIIA, platinum refractory grade 3 endometrioid tumor with IHC 3+ erbB2 overexpression. The second case had a stage IIIC USC that persisted after surgery and adjuvant pelvic, as well as extended field, radiation. This patient had an IHC 2+ erbB2 overexpression. Both cases received salvage treatment with trastuzumab, with chemotherapy in the former, and as a single agent in the latter. Both cases achieved significant partial responses and a substantial sustained decrease in CA125 [53] . In another case report Jewell et al. reported similar success with trastuzumab therapy in combination with chemotherapy in a 72-year old with stage IIIA grade 2 endometrioid adenocarcinoma that recurred after surgery and adjuvant radiation therapy. The tumor showed IHC 3+ erbB2 overexpression [55] . Finally, Villella et al. reported on two recurrent USC patients with advanced disease and 3+ staining by IHC. When treated with trastuzumab, one patient achieved a complete response, and the other had stable disease [54] . In breast cancer, combination therapy with trastuzumab, pertuzumab and chemotherapy is currently being evaluated in a large trial multinational prospective randomized controlled trial [56] .
Epithelial cell adhesion molecule
Our group at Yale has recently evaluated the expression of epithelial cell adhesion molecule (EpCAM) and the potential of MT201 (adecatumumab), a human monoclonal antibody against EpCAM, in USC [57] . By IHC, EpCAM expression was found in 96% (26 out of 27) of USC samples and high surface expression of EpCAM was found in 83% (five out of six) of the USC cell lines tested by flow cytometry. Importantly, EpCAM-positive cell lines were found to be highly sensitive to MT201-mediated antibody-dependent cellular cytotoxicity in vitro, whereas primary USC cell lines were resistant to natural killer cell-dependent cytotoxicity. These results support the view that MT201 might represent a novel therapeutic strategy in patients harboring advanced/recurrent or metastatic USC refractory to standard treatment modalities [57] .
Claudin-3 & -4
Genes encoding tight junction proteins claudin-3 and -4 have recently been discovered as two of the most highly upregulated genes in USC, with over eight-and 12-fold upregulation, respectively, relative to normal endometrial cells [23] . Although the exact function of those proteins in USC is unclear, they have been shown to represent the epithelial receptors for Clostridium perfringens enterotoxin (CPE), a potent cytolytic toxin [58] . Because CPE may trigger lysis of mammalian epithelial cells through interactions with claudin-3 and -4 receptors while cells that do not express CPE receptors (i.e., mesothelial cells and most healthy human tissues) are protected from the lethal effects of CPE, overexpression of claudin-3 and -4 tight junction proteins may lead to the development of a novel cytotoxic therapy for USC patients. Consistent with this view, in a recent report we have shown that in vivo intratumoral injections of well-tolerated doses of CPE in large subcutaneous USC xenografts may lead to large areas of tumor cell necrosis and tumor disappearance in all the treated animals, whereas sublethal intraperitoneal injections of CPE have a significant inhibitory effect on tumor progression, with extended survival of animals harboring chemotherapy-resistant intra-abdominal USC carcinomatosis [59] .
Kallikrein-6 & -10
The kallikrein family consists of 15 genes that encode for trypsin-like or chemotrypsin-like serine proteases. Serine proteases play a well defined role in several cell activities such as blood coagulation, wound healing, digestion, immune response, as well as tumor invasion and metastasis. Secreted serine proteases such as prostate-specific antigen and kallikrein-2 have a clinical application as prostate cancer biomarkers. Kallikrein-6 and -10 were shown to be present in high levels in the circulation of a cohort of ovarian cancer patients, and to correlate with chemoresistance and poor prognosis [60] . In studies by Santin et al., kallikrein-6 and -10 were both found to be highly expressed genes in USC [23, 61, 62] . It is therefore possible that kallikrein-6 and -10 may serve as markers for early detection and/or monitoring of USC, as well as potential immunotherapeutic targets of vaccination strategies against recurrent/refractory serous gynecologic cancers [61, 62] .
Patupilone
The in vitro sensitivity/resistance to patupilone (i.e., a macrocyclic polyketide member of the epothilone class, a group of micro-tubule-stabilizing agents) versus paclitaxel in USC with high versus low erbB2 expression has recently been reported [63] . Cell lines overexpressing erbB2 showed higher proliferation when compared to low erbB2-expressing cell lines. Compared to low expressing cell lines, high erbB2 expressors were significantly more sensitive to patupilone than to paclitaxel (p < 0.0002). By contrast, there was no appreciable difference in sensitivity to patupilone versus paclitaxel in primary USC cell lines with low erbB2 expression. Higher levels of TUBB3 and ABCB1 were detected in USC cell lines with high versus low erbB2 expression (p < 0.05). Taken together these studies demonstrated that USCs overexpressing erbB2 display greater in vitro sensitivity to patupilone and higher levels of the patupilone molecular target TUBB3 when compared with low erbB2 expressors. Owing to the adverse prognosis associated with erbB2 overexpression in USC patients, patupilone may represent a promising novel drug to combine to platinum compounds in this subset of aggressive endometrial tumors [63] .
Sensitivity to platinum-based chemotherapy
Multiple clinical studies have reported on the high resistance of USC to platinum-based chemotherapy [3] [4] [5] [6] . Thus, to identify effective chemotherapy regimens against USC, six primary tumor cell lines, half of which overexpress HER2/neu at 3+ level, have recently been evaluated for their in vitro sensitivity to 14 single-agent chemotherapies and five combinations by ChemoFx ® (Precision Therapeutics Inc., PA, USA) [64] . Cell lines overexpressing HER2/neu showed higher proliferation when compared with low HER2/neuexpressing cell lines and a lower IC 50 when exposed to the majority of single-agent chemotherapies. Surprisingly, high HER2/neu expressors were found to be more sensitive to platinum compounds, manifesting a 5.22-fold decrease in carboplatin IC 50 (p = 0.005) and a 5.37-fold decrease in cisplatin IC 50 (p = 0.02). These data suggest that the apparent lack of response to chemotherapy among patients with HER2/neu-positive tumors seen in clinical trials may be due to rapid tumor regrowth of surviving tumor cells following initial response to chemotherapy, rather than intrinsic chemotherapeutic drug resistance at the time of chemotherapy treatment [64] .
Human immunoconjugate molecule
Human immunoconjugate molecule (hI-con1) is an antibody-like molecule that targets tissue factor (TF). It is composed of a targeting domain (i.e., two human factor VII) fused to an effector domain (IgG1 Fc domain). Our group has recently evaluated the activity of hI-con1 against primary chemotherapy-resistant USC. Immunohistochemical analysis demonstrated TF expression in the cytoplasm and/or the cell membrane of 100% (16 out of 16 ) of the USC samples tested. In addition, three out of six cell lines in culture were found to be high expressors of TF when tested by flow cytometry and RT-PCR, compared with normal endometrial cells (p < 0.001). In a 5-h chromium release cytotoxicity assay, USC cell lines overexpressing TF, irrespective of erbB2 expression, were highly sensitive to hI-con1-dependent cell-mediated cytotoxicity (p < 0.001), while negligible cytotoxicity was seen in the absence of hI-con1 or in the presence of rituximab control antibody.
hI-con1 may hence represent a new therapeutic agent for the treatment of patients with advanced or recurrent USC refractory to standard treatment modalities [65] .
IL-6
IL-6 activates the p38 mitogen-activated protein kinase signaling pathway leading to the development of chemotherapy resistance in cancer cells [66] . Interestingly, erbB2 expression facilitates the IL-6-induced mitogen-activated protein kinase signaling pathway. Thus, high levels of IL-6 gene expression and protein secretion may be associated with the erbB2 signaling cascade, promoting resistance to chemotherapeutic agents. IL-6 was found to be highly upregulated in USC [23, 66] . Overexpression of IL-6 in USC could potentially lead to a role for drugs that inhibit IL-6 activity in the future management of this disease [66] .
αv-integrins
Recently, our group has evaluated the surface expression of integrins belonging to the αV-family, including αVβ3, αVβ5 and αVβ6, in multiple primary USC cell lines using flow cytometry analysis [67] . In addition, we have tested the ability of intetumumab (CNTO 95), a fully human monoclonal antibody against αV-integrins, to inhibit USC cell adhesion and migration. We found high expression of the αV-subunit on the cell surface of all six primary USC cell lines tested (100% positive cells; mean fluorescence intensity range: 13.1-39.5). When the expression of single heterodimeric integrins was evaluated, αVβ3, αVβ5 and αVβ6 were expressed on 37.5, 32.0 and 16.3% of cells (mean fluorescence intensity range: 6.5-16.2, 9.2-32.5 and 6.2-11.5, respectively). Importantly, in functional assays, low doses of intetumumab were effective in inhibiting adhesion (0.15 μg/ml; p = 0.003) and migration (1.25 μg/ml; p = 0.02) of primary USC cell lines. We concluded that αV-integrins are overexpressed on the cell surface of primary USC cell lines. Intetumumab may significantly inhibit USC cell adhesion and migration pathways and may therefore represent a novel treatment option for patients harboring this rare, but highly aggressive, variant of EC [67] .
Extracellular HER2/neu domain
The potential shedding of EGF type-II receptor (HER2/neu) extracellular domain (ECD) in primary USC cell lines and in the serum of USC patients and its biological effects in experiments of trastuzumab-induced cytotoxicity in vitro has recently been reported [68] . In this study, HER2/neu expression was evaluated by IHC, RT-PCR and flow-cytometry while c-erbB2 gene-amplification was assessed using FISH. HER2/neu-ECD levels in the supernatants of USC cell lines and in the serum of 38 USC patients and 19 controls were tested using ELISA. The biologic effect of HER2/neu-ECD on trastuzumab-induced ADCC was evaluated in 5-h chromium-release assays. High levels of HER2/neu-ECD were found in supernatants of all FISH-positive tumors. By contrast, FISH-negative USCs were negative for HER2/neu-ECD shedding. Serum HER2/neu-ECD levels in patients harboring 3+HER2/ neu tumors were higher than those found in healthy women (p = 0.02) or USC patients with 2+ or 1+/negative HER2/neu expression (p = 0.02). In cytotoxicity experiments, trastuzumab-mediated ADCC was significantly decreased by the addition of HER2/neu-ECD-containing supernatants (p = 0.01). We concluded that FISH-positive c-erbB2 USC cell lines shed high levels of HER2/neu-ECD. High levels of HER2/neu-ECD in USC patients may reduce trastuzumab-mediated ADCC in vitro and potentially reduce its therapeutic effect in vivo.
Trophoblast cell-surface marker
Our research group has recently evaluated the expression of human trophoblast cell-surface marker (Trop-2) and the potential of hRS7, a humanized anti-Trop-2 monoclonal antibody, as a novel therapeutic strategy against USC [69] . In this study, Trop-2 expression was evaluated by IHC in a total of 23 USC. Six primary USPC cell lines were assessed by flow cytometry and RT-PCR for Trop-2 expression. Sensitivity to hRS7 (Immunomedics, Inc., NJ, USA) ADCC and complement-dependent cytotoxicity was tested in standard 5-h Crrelease assays against primary USC cell lines [51] . Expression of Trop-2 was found in 15 out of 23 (65%) of the tumor tissues tested by IHC and in 50% (three out of six) of the USC cell lines tested by RT-PCR and flow-cytometry (Trop-2 expression in USC versus normal endometrial cells; p < 0.005). USC cell lines overexpressing Trop-2, regardless of their intrinsic resistance to natural killer cytotoxicity, were highly sensitive to hRS7-mediated ADCC in vitro (range of killing: 28.2-64.4%; p < 0.001). Negligible cytotoxicity against USC was seen in the absence of hRS7 or in the presence of rituximab control antibody (range of killing: 1.1-12.4%). Incubation with IL-2 (50 IU/ml) in addition to hRS7 further increased the cytotoxic activity against USPC cell lines overexpressing Trop-2 (p = 0.008). We concluded that Trop-2 was highly expressed in USC at mRNA and protein levels and that primary USC cell lines are highly sensitive to hRS7-mediated cytotoxicity in vitro. hRS7 may represent a novel therapeutic agent for USC refractory to standard treatment modalities.
Expert commentary
USC is an aggressive variant of EC characterized by a high-grade, complex histology. Although USC accounts for less than 10% of all endometrial tumors, it accounts for a disproportionate number of relapses and EC-related deaths. Type I and II ECs appear to have a different pattern of molecular alterations that underlie pathogenesis and progression. While endometrioid carcinomas tend to have alterations in the tumor suppressor gene, PTEN, these are uncommon in USC, with p53 mutations and erbB2 expression occurring more commonly in this tumor subtype. Both early-stage (stage I/II with disease confined to the uterus) and advanced disease states (stage III/IV with metastases present outside of the uterus) behave aggressively. USC has a tendency to invade the lymphatic and vascular spaces and lymph nodes and to microscopically or macroscopically involve other intraperitoneal structures, particularly the omentum, despite minimal or no invasion present within the uterus. These tumor characteristics lead to high recurrence rates and a poor prognosis for these patients.
Because of poor results with surgery alone, both radiation therapy and chemotherapy have been added postoperatively in an effort to improve outcomes. However, the benefit of these modalities, as well as the optimal treatment for each disease stage remains unclear. Recurrence rates in women diagnosed with advanced-stage disease are much higher than for early-stage disease, with rates of 50-90% reported in published studies. These recurrences are often extrapelvic and largely unsalvageable and highlight the need for novel and effective systemic therapy in the treatment of this disease.
Targeted therapy may represent a reasonable and innovative approach for the treatment of USC refractory to standard treatment modalities. In pursuit of our goal to develop innovative, highly effective therapeutic strategies for patients with chemotherapy-resistant USC, we searched for potential molecular targets by using high-throughput technologies to compare genetic finger-prints of USC samples with those of healthy endometrial tissue samples [23, 24] . Our recent studies have identified a large number of differentially expressed genes, some of which are discussed in this review article, that are known to contribute to USC transformation and tumorigenesis and that may represent ideal targets for the development of novel treatment modalities. Consistent with this view, the HER2/neu, which is targeted by the anti-HER2 monoclonal antibody trastuzumab (i.e., Herceptin), may represent the first of a series of novel diagnostic and therapeutic markers, including but not limited to, EpCAM, kallikrein-6 and -10, TROP-2, claudin-3 and -4, SAA, αV-integrins, IL-6 and hI-con1, endowed with significant therapeutic potential in USC patients harboring advanced and/or recurrent disease.
Five-year view
In 2002, we reported for the first time high erbB2 expression in USC specimens and high sensitivity of USC primary cell lines to trastuzumab antibody-dependent cytotoxicity in vitro [34] . IHC data from other research groups, including GOG, and gene-expression profiling results of biologically aggressive USC have recently confirmed overexpression of erbB2 in a large number of USC patients [23, 39, 40] . On the basis of these results, trastuzumab may very well be an attractive and viable treatment option for advanced-stage USC tumors that overexpress the erbB2 receptor. Consistent with these data, a multi-institutional randomized Phase II trial is currently enrolling patients in the USA (ClinicalTrials identifier: NCT01367002) [101] . The primary objective of this Phase II study is to evaluate whether the addition of trastuzumab to paclitaxel and carboplatin chemotherapy improves progression-free survival when compared to paclitaxel and carboplatin alone in stages III-IV and recurrent USC patients overexpressing erbB2 at 3+ level by IHC or positive by FISH. The secondary objectives of the study include: assess objective response rate; assess overall survival and assess the safety profile of trastuzumab in USC patients. The exploratory/ correlative objectives of the study include: determine peripheral blood NK cell numbers and activity in erbB2+ USC patients to provide a basis for assessing the possible therapeutic contributions of immune mechanisms of action of trastuzumab; study erbB2 extracellular domain (ECD) circulating levels in the plasma of USC patients overexpressing erbB2 before, during and after treatment to elucidate whether changes in erbB2 ECD would predict response to trastuzumab; and determine whether CA-125 levels correlate with disease activity in advanced and/or recurrent disease. The results of this trial will be very helpful in determining whether there is a role for trastuzumab in the management of this disease.
